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Abstract 



The following report on the "Feasibility of Devulcanizatlon of Rubber from Scrap 
Tires" was carried out by ORTECH International. The work was the resurt of an 
unsoilcited proposal which was fully funded by the then Ontario Ministry of the 
Environment, Industrial Waste Diversion Program (IWDP). ORTECH would like 
to thank the Ministry for funding the first phase of this overall program 



ORTECH International (formerly the Ontario Research Foundation) is a broadly 
based contract research, development and technical service organization with 
over 300 employees. As Canada's leading independent resource for problem 
solving and the development of ideas, ORTECH generates more than 75% of its 
professional service revenue through industrial clients. With its headquarters in 
Mississauga the organization serves the needs of over 2500 clients per year. 

The Polymer Technologies Group at ORTECH comprises over 20 scientists, 
engineers and technologists who are involved in areas including Polymer 
Chemistry, Plastics Technology, Coatings, Adheslves and Industrial Design. 

This project was conceived as the first phase of an overall program with the 
ultimate goal of selecting an appropriate devulcanizatlon process, 
demonstrating its technical feasibility and eventually transferring the technology 
to industry. The work covered in this report includes a literature search on 
patents and literature regarding njbber reclamation (devulcanization), 
laboratory scale demonstration of two types of reclamation, a preliminary look at 
process and product economics and finally a review of potential applications. A 
more detailed summary of the wortc carried out can be found in the Executive 
Summary of this report. 



The initial proposal and progress reports on this work were entitled, "Feasibility 
of Devulcanizatlon of Rubber From Waste Tires". At the request of the ministry 
the final report was entitled "Feasibility of Devulcanizatlon of Rubber from Scrap 
Tires", as the term scrap is more commonly used to describe waste tires. No 
other changes were made to the text. 



Finally the authors would like to thank Irene Pater, P. Eng. of the Funding 
Programs Unit of the Waste Management Branch of the Ministry of Environment 
and Energy. As the Project Engineer responsible for coordinating the project on 
behalf of the ministry, her interest and assistance were invaluable. 
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EXECUTIVE SUMMARY 

Scrap tires represent a significant wast© management problem. On the order of 
10 million tires per year are generated in Ontario alone. In order to find a use 
for all of the scrap tires being generated a multifaceted approach will be 
required. One approach which is not being exploited in Ontario at this time is 
reclamation. 

Rubber reclamation, or devulcanization, is a process which has been used 
historically, but has fallen into disuse recently. Reclamation involves 
devulcanizing the crosslinked (vulcanized) rubber to such an extent that it can 
be processed and subsequently revulcanized in another application. 

A literature survey has identified a variety of reclamation processes which can 
be divided into two broad classes; Digester and Thermomechanical, 

The feasibility of both of these processes has been demonstrated on a 
laboratory scale. Thermomechanical processes would appear to be more 
economically viable. 

Preliminary cost estimates have shown thermomechanical reclamation to have 
the potential to be economically viable. Further definition of the required 
product properties and refinement of the process would be required to firm up 
the cost estimates. The fact that reclaim is being imported into Ontario and used 
in various products further supports the economic viability of reclamation. 

Several companies associated with the rubber industry were interviewed and 
indicated that they did or would use reclaimed rubber in various applications if 
the cost-performance balance was acceptable. 
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The first phase of the project has been completed successfully and the technical 
objectives outlined in the proposal met. A phase II program would involve 
optimization of the reclamation process on a laboratory scale, evaluation of 
reclaim in selected applications and refinement of the process economics. 
Subsequent phases would involve pilot plant and then full scale plant 
production in conjunction with an appropriate Industrial partner. 



1. INTRODUCTION 

In Ontario more than 1 million scrap tires are being generated annually. In the 
USA the EPA estimates that 2 to 3 billion scrap tires are stockpiled and that 
additional tires are entering the waste stream at a rate of 300 million per year. 
The scope of the scrap tire problem highlights the need to identify as many 
possible methods to recycle or reuse scrap tires. 

The devulcanization, or reclamation, of mbber, specifically tire rubber, is a 
technology which had been practiced historically but had generally fallen into 
disuse. While some rubber reclamation may occur in captive plants the last 
major tire mbber recycling facility in Canada, Goodyear in Bowmanviile, closed 
in 1985. . 

The overall objective of this project is to select an appropriate devulcanization 
process, demonstrate its technical feasibility and eventually transfer this 
technology to industry. The overall project Is conceived as consisting of four 
phases: 

■ Selection of a process based on a literature survey, limited laboratory 
scale demonstration of the feasibility of the process, and preliminary 
evaluation of the economics of the process; 
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• Lab scale development of the process, optimization of process 
conditions, evaluation of various applications of devulcanized mbber, 
more detailed process and product economics; . 

• Design, constmction and operation of a pilot plant operation; 

. - - *• ' ^' ■ . . i 

• Design, construction and operation of a full scale plant. 

The present work only covers the first phase. It is expected that the final two 
phases would be carried out in conjunction with an industrial partner wishing to 
commercialize the technology. 

The purpose of the Phase I Investigation was to provide documentation to 
support the technical viability of mbber reclamation, to demonstrate it by 
carrying out laboratory scale devulcanization, to carry out preliminary process 
and product economics and to identify potential applications. The overall goal 
of subsequent phases of this project would be to select, optimize and scale up 
the process for selected applications and to ultimately transfer the technology to 
an industrial user. 

This report, the third and final, summarizes our finding on the 'Feasibility of 
Devulcanization of Rubber from Scrap Tires'. The work to be carried out was 
summarized in ORTECH Proposal #P.91 .67-6539/OG(Revised). The work was 
divided into four tasks: 

• Literature Review 

'^- Laboratory Scale Demonstration : . . , 

• Preliminary Process and Product Economics 

• Potential Applications 
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The first two tasks were described in our reports PC91 -58-1 1655-1 and 92-T21- 
1 1655-2, respectively, and were further elaborated in presentations to the then 
Ministry of the Environment on December 13, 1991 and July 23, 1992. 

This report covers the final two tasks and, along with the previous two reports, 
completes the reporting of the contracted work. « 

The following two subsections summarize the Literature Review and Laboratory 
Scale Demonstration tasks of the project. For further details the reader is 
referred to the original reports PC91 -58-1 1655-1 and 92-T21 -11 655-2 in 
Appendices D and E of this report respectively. 



1.1 Literature Review 

An extensive literature search was undertaken to review information on njbber 
reclamation technologies reported in the last 25 years. Electronic patent, 
technical and business databases and library holdings on rubber reclamation 
were reviewed. Over 100 books, articles and patents were reviewed in total. 

The vulcanization of mbber involves crosslinking the aibberto yield the final 
product. A crosslinked rubber cannot be heated and reprocessed as with 
conventional thermoplastics. The process of breaking up the crosslinked 
rubber (devulcanizing) to the extent that it can be subsequently formed into a 
new product and revulcanized is called rubber reclamation. 

The two processes which are more commonly used to recycle rubber at present 
are 1) rubber crumbing and 2) pyrolysis or incineration. In rubber crumbing the 
rubber is mechanically broken up into small particles which can be used as 
fillers in a variety of applications. In crumbing, the rubber is still crosslinked 
(vulcanized) but the reduced particle size allows one to process it. The crumb 
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must be bound together by another material to form a final product and as such 
acts essentially as a filler. In pyrolysis, the mbber is thermally reverted to 
recover simple organic chemicals which may ultimately be used as a fuel oil or 
in other applications. ... 

The reclamation process has the potential to produce a higher value product 
than that from crumbing or pyrolysis. 

Tire rubbers are mixtures of synthetic styrene-butadiene mbber (SBR) and 
natural rubber (NR) and various proprietary additives. In addition fiber and 
metal are added in the form of belts and beading. Historically as much as 10% 
of the rubber used in the production of new tires was reclaimed rubber. With the 
advent of high performance radial tires the demand for reclaim essentially . • 
vanished and the reclaim production declined. 

Rubber reclamation (devulcanization) does not describe a single process or 
product. Reclamation is not an exact reversal of the vulcanization process and 
the properties (quality) required of the reclaim will be dependent on the 
intended application. 

In general, the reclamation process can be broken down into three steps: 

• Grinding; 

■ Devulcanization: - 

* Refining. 

the scrap tire must first be ground into particles. The coarseness of the 
particles that will be acceptable will depend on the subsequent devulcanization 
process selected. Processes which are sensitive to metal fibre contaminants 
will require well ground rubbers which have had all of the metal removed. 
There is a significant and growing industrial capacity in scrap tire grinding. 
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Reclamation, or devulcanization, of the rubber can be carried out using a 
number of processes which fall into the broad categories of digestion and 
thermomechanical processes. In both cases heat and/or mechanical work are 
imparted to the sample in the presence of chemical additives. These processes 
will be reviewed in subsequent subsections. , « 

After devulcanization the reclaimed aibber must still be compounded and 
refined to yield a product which is suitable for incorporation into Its final 
application. ^ i^ 

1.1.1 Reclam ation bv Digester Processes . 

Digester processes include the oldest methods for reclaiming rubbers. The 
processes include: 

• Pan Process 

• Steam- Air 

• High Temperature Steam 

• Wet Digester - . ' 

• Novel Processes (see report 1) 

Digester processes involve combining scrap mbber, reclaiming additives and 
water and heating the mixture under high pressure to around 200-C for several 
hours. A significant time is involved to allow the chemicals to diffuse through 
the sample and get a homogeneous devulcanization. 

Advantages of the process include: 

• less sensitive to metal contaminants; 

• will accept larger particles; 

■ potentially high quality reclaim. 
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Disadvantages includs: 



• , typically a batch prcx:ess; 

• ' long residenc© times; 
large waste water streams. 



M 



1.1.2 Reclamation bv Thermomechanical Processes 

Thermomechanical processes differ from digester processes in that the mbber 
is intensively mixed by a mechanical process. The temperature may be 
externally applied or a result of the mechanical shearing of the rubber. Lower 
levels of chemical additives are also typically required. 

Advantages of the process include: 

■ typically a continuous process; 

• short residence times; , , 

• no liquid waste stream. 

Disadvantages include: „ 

* sensitive to metal contaminants and particle size 

* proprietary details of equipment mixing configuration 

The thermomechanical processes appear to have been more commonly used 
recently. The most serious disadvantage in developing a themfiomechanical 
process is the lack of public information on the actual design of the equipment 
used and the exact operating conditions. 
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1.1.3 Enviro nmental Considerations 

While little information was available on the environmental considerations 
associated with mbber reclamation it would appear that wet digestion 
processes would raise the most serious concerns due to the generation of 
significant quantities of water borne wastes. The odor associated with both the 
process and the end product will be an issue for all types of reclaimed rubben 



1.2 Laboratory Scale Devulcanization 

In that a variety of reclamation processes were identified, two approaches which 
represent extremes of the process were selected for laboratory evaluation. The 
processes selected were a conventional wet digestion for which literature 
formulation and conditions were available and a modal thermomechanical 
process. Wet digestion was carried out in a pressurized stainless steel reactor. 
Since no details of the exact geometry of thermomechanical processing 
equipment was available a Betol BTS 40 mm twin screw extruder was selected. 
The thermomechanical reclaiming formulation was provided to us by a 
company which historically carried out rubber reclamation on the condition that 
the source not be identified. 

Reclamation chemicals and cnjmb njbber were sourced commercially. 

Four lots of rubber were reclaimed by a digester process with the details of the 
formulation and temperature varied between runs. Two thermomechanical runs 
were carried out with the residence time varied within each run and the control 
temperature varied between the two runs. The reclaimed rubber from all 
laboratory runs was compounded and cured (revulcanized) according to a 
rubber reclaiming standard method. The tensile and hardness properties were 
measured and hence revulcanization of the reclaim demonstrated. 
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In general the samples were found to show signs of inhomogeneous and/or 
incomplete devulcanization which resulted in cured samples which showed 
evidence of the crumb rubber particles which were reclaimed. This resulted in 
failure at the particle interface on the tensile measurements. 



1 .3 Process and Product Economics and Applications 

The ultimate goal of the overall project is to demonstrate the technological 
feasibility of rubber devulcanization and to transfer the technology to industry. 
The final tasks for this first phase of the project involved preliminary costing of 
the preferred process and resulting product, followed by a tentative 
identification of potential applications and an identification of interest from 
potential industrial users of reclaim. The intent of the final two tasks was to 
provide a check that the rubber reclamation processes identified makes general 
financial sense and that there is likely to be some commercial Interest in using 
reclaim should the project be extended to the next phase, 

' ' ' ^ ' ' ' ■■ „ 

These two tasks have been reported In some detail in the following sections. 
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i^ PRELIMINARY PROCESS AND PRODUCT ECONOMICS 

2«1 Process Selection 

Several requirements were used to assist in deciding which process, 
thermomechanical or digestion, was the best suited process for reclaiming 
rubber from tire scrap. These were: 

• Product volume required; 

• Final product properties; 

• Operating characteristics of the process; 

• By-products (i.e. disposal costs, toxicity); 

• , Specific advantages of each process being considered. 

For the tire reclaiming process to be economical it has been estimated that 
production volumes should be approximately 1 .0 - 1 .5 million (MM) kilograms 
(kg) of reclaim per year. This estimate has been discussed with industry 
experts, including converters, end users and equipment manufacturers, all of 
whom consider this volume to be a reasonable estimate. 

As described in ORTECH's progress report No. 92-T21-1 1655-2, the digester 
process requires a pressurized reactor (or series of reactors) to complete the 
devulcanization process. When production volumes, heating/cooling costs, the 
non-continuous nature of the process, unwanted effluents (digester water), 
lower physical properties and the slowness of the reaction (up to eight hours) 
are considered, the digester process would be the least desirable of the two 
manufacturing methods investigated. For this reason, only cost details 
pertaining to the thermomechanical process will be discussed in this review. 
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2.2 Materials Input 

The materials required for the reclamation process can be broken down into two 
categories, rubber and chemicals. A discussion of materials sourcing and a 
rough costing will be included In the subsections that follow. 

2.2.1 Crumb Rubber 

The key feed stock in any rubber reclamation process is the crumb mbber. 
While all tire rubber is primarily a mixture of SBR and NR there are variations in 
the details of the proprietary formulations between each brand of tires. One 
issue which is not likely to be controllable Is the exact composition of tire 
rubbers that is used. Any process that is selected must be robust enough to 
take whatever mix of tire lubbers is provided. This is further oomplicatad by the 
fact that SBR and NR devulcanize at different rates themselves. 

Crumb rubber is available from a variety of sources in North America, For the 
purposes of this work, the crumb used was sourced from Recovery 
Technologies in Misslssauga, Ontario. This particular crumb Is prepared by 
cryogenic grinding, a process In which the rubber is cooled to a glassy state 
and then ground. The product, as supplied, is essentially metal and fibre free. 
The price of the caimb is dependent on the particle size, with smaller particle 
size fractions costing more. The desired cleanliness (metal and fibre 
contaminant levels) of the product will also have an effect on the price. The 
price for truckload quantities of the crumb from Recovery Technologies for the 
various particle sizes is listed below: • 
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Crumb Rubber Pric© , Recovery Technologies Inc., November 1992 



Mesh Size 


Price 


per kilogram 


. 4-10 




220 


10-20 




26C 


20-30 




3U 


- 30-40 




35C 


>40 




530 



These crumb prices compare to about $2.25/kg for virgin njbber. Lov^^er quality 
rubber crumbs are available for 150/kg and lower. Since the overall goal of any 
reclaiming process will be to produce the lowest priced reclaim which has 
sufficient quality for the intended application, the cost of crumb will be a key 
factor. Other factors to consider will also be the security of supply and uniformity 
of the quality of the cnjmb. 

2.2.2 Reclaiming Chemicals 

The chemicals required for reclaiming will depend on the process selected. For 
the purposes of this report the thermomechanica! reclaim formulation will be 
investigated in detail. 

Bulk pricing on the chemicals that were used in the laboratory scale 
devulcanization are listed below: 

Hipol, Petroleum Reclaiming Oil : 250/kg 

Heavy Aromatic Naphtha i 500/kg . . 

Peptrex Mixed Aryl Disylphides : $1.00/kg 

Triethanolamine s $2.20/kg 

As a rough approximation, the rubber reclaiming additives will cost about the 
same price per pound as the crumb njbber used in the process. The additive 
package used in the thermomechanica! lab trial would therefore cost 44c/kg. 
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Hence, since the crumb mbber will form the major component of the reclaim 
mixture (ca.85%wt), the cost of the crumb rubber will dominate the materials 
cost of reclaiming materials. Based on the numbers listed above the material 
costs for the laboratory thermomechanical formulation would be 37^g. 



2.3 Equipment 

A full scale thermomechanical process is expected to consist of the same basic 
components used in the laboratory process, 

For example, an appropriately sized compounding extruder will be used for 
de vulcanization of the reclaimed rubber. A suitable feeder will be used to 
deliver the chemically impregnated crumb rubber to the throat opening of the 
extruder. The cmmb will then be conveyed along the length of the barrel by the 
melt forwarding action of the screw, where the rubber will be reclaimed. 

Inside the extruder the rubber crumb will be processed at a constant 
temperature, with heat being added or removed as required, by the heater 
bands and cooling channels respectively. As found in the laboratory testing, a 
residence time of 1 .25 minutes is expected to achieve an adequate level of 
devuicanization. Once devulcanization has been completed the reclaimed 
rubber will have to be packaged in an appropriate form. 

Final packaging of the devulcanized rubber will need to remain as flexible as 
possible so that the widest range of potential customers can be accommodated. 
For example, some customers may want the devulcanized rubber in bales (I.e. 
for use in virgin mbber blending), some in strips or sheets (i.e. for use in 
compression moulding) while still others may want pellet form (i.e. thermoplastic 
blending and injection moulding applications). 

A preliminary block diagram of the process is illustrated in Figure 1. 



QRTECH . - ^ . • ' . ^_ 

14 
Final Report No. 92-T21-58-11655-R2 (Feasibiltty of Devuicanization of Rubber From Scrap Tires) 
For Ministry of Environment and Energy 



2.3.1 Capital Cost Calculatioric; 

Before going into the actual capital cost calculation it is important to point out 
that the details of the thermomechanical process selected wilt dominate the cost 
of the process. Parameters such as residence time required, hence throughput, 
and capital equipment costs are based on an extension of the laboratory 
process developed. In the proposed second phase of this project, the process 
would be optimized and these parameters further refined. 

In addition, the costs described in this report are based on acquiring new 
equipment as opposed to second hand and with a prime industrial real estate 
site being used. 

The focus of the capital cost calculations will be on the extrusion equipment 
requirements. Facilities, auxiliary equipment such as storage silos, grinders 
and packaging equipment, have been treated less rigorously. Several cost 
scenarios have been prepared for review to show how key costs like hydro, 
water, building overhead, and wages, can effect the final product costs. 

Please note all scenarios highlighted reflect costs which would be expected in 
the metro Toronto area. Plant location, local utility costs and ultimate operating 
efficiencies will cause predictions to change. Note that no provisions have 
been made for any applicable manufacturing taxes and related operating fees. 

Assumptions made for each scenario are listed in Table I. A detailed description 
on only Scenario 1 will be provided In this report. However, results from all three 
potential cost situations have been summarized in Tables III and IV, 
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2.3.1 .1 CaiculatlQn of Extruder Size Requirements 

Example - Scenario #1 

For the first prediction, a production volume of 1 ,500,000 kilograms per year 
was used. Allowing for statutory holidays, vacations and downtime (scheduled 
and unscheduled) approximately 46 weeks is expected to be available for 
production. Excluding weekends, this translates into 5,520 (i.e. 46 weeks x 5 
days/week x 24 hr/day) hours of potential production time available to produce 
1 .5 MM kg of material. 

This means the extruder would have to generate approximately 272 kg/hr (i.e. 
1 ,500,00 kg/yr + 5,520 hr) if it runs at 100% efficiency. However, it would be 
unreasonable to assume the plant would operate at 100% efficiency. Being 
conservative, an operating efficiency of 80% will be used. Extnjder output 
output would then rise to 340 kg/hr (i.e. 272 kg/hr + 0.80). 

This value of 340 kg/yr also presumes that all product produced will be prime 
material. Once again, it would be more reasonable to expect that only 80% of 
the output would be acceptable. Using a utilization value of 80% the output of 
the extruder required would need to increase to a minimum of 425 kg/hr (i.e, 
340 kg/hr + 0,80). 

One other constraint on the process Is the estimated residence time of 1 .25 - 
1.50 minutes necessary for devulcanization to occur. Residence time is 
controlled by the length of the barrel and extruder speed (i.e, RPM). In order to 
get the necessary residence time the output of the extmder, in RPM, will need 
be slowed down to about 75% of capacity or approximately 570 kg/hr (i.e. 425 
kg/hr + 0.75). This estimated output of about of 570 kg/hr translates into an 
extruder having a screw diameter of about 80-85 mm (i.e. An extmder with this 
diameter is capable of 650 - 750 kg/hr) depending on manufacturer. 
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The relationship between residence time and RPM to determine 
can be described by Formula 2.3.1-1, 



2 X L 
N X P 



(2.3.1-1) 



Where 


T 




L 




N 


^ 


P 




D 




SPm 


Therefore 


L 



Residence Time 

Barrel Length 

Screw speed (i.e. RPM) 
D 85 



3.33 



Screw Diameter 

Screw pitch in metering section 

T X N X 25.5 



25.5 



2.3.1 .2 Extruder Costs 



1.5 X 200 X25.5 

3187 mm in length 
3?:1 Length/Diameter 



Quotations for an extrnder with at least an 80 mm screw diameter and an \JD 
ratio of at least 37:1 were requested from two manufacturers. Betol Machinery 
Limited and Berstorff Corporation, Additional details about each manufacturer 
can be found in Appendix A and B. Cost details for each extruder have been 
provided in Table II* , 
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2.3.1.3 Capital Depredation 

Using the budgetary figures from Table II and a straight tine depreciation over 5 
years, the yearly capital operating costs for an 80 mm diameter screw would 
then be roughly $260,000/year (i.e. $1 .3 MM + 5 yrs) or about $47/hr (i.e. 
$260,000/yr+ 5.520 hr/yr). 

2.3.1.4 Power Consumption 

Approximately 0.2 kwh of energy would be consumed per kilogram of material 
produced as specified by Betol Machinery. Using the value of 100/kwh as an 
estimate of local hydro rates and an extruder output of 550 kg/hr, power costs 
would be $1 1 /hr (i.e. 0.2 kwh/kg x $0. 1 /kwh x 550 kg/hr). 

2.3.1 .5 Water meat Exc hange Qniy \ 

The extruder requires approximately 50 gallons of water per hour for cooling 
purposes. At a water cost of about 0.3c/ga!lon, this works out to be $0.1 5/hr (I.e. 
0.30/gal X, 50 gal/hr X 0.01 dollars/0). 

2.3.1.6 Building Overhead 

In the metropolitan Toronto area floor space costs have been found to rang© 
between $5-10/sq ft depending on location. For Scenario #1 a value of $10/sq 
ft. was used. About 4000 sq ft, for both office and manufacturing would be 
considered sufficient space for start-up of one tine. Therefore, about 
$3500/morith rent (i.e. ($1 0/sq ft x 4000 sq ft ) + 1 2 months) would be 
necessary. Converting this figure to $/hr, building overhead would add 
approximately $7.30/hr (I.e. $3,50p/month + 480 hr/month) to the operating 
budge!. 
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2.3.1.7 Salaries 

It is anticipated that to safely operate the extrusion line three process operators 
per shift will be necessary. One operator will be responsible for actual 
operation of the extaider (i.e. insuring operating conditions are maintained, 
general maintenance, appropriate equipment repairs, etc.) and monitoring 
process conditions. The second process operator would insure auxiliary (both 
upstream and downstream operations) equipment are functioning normally (i.e. 
initial raw material preparation, material packaging, etc.). A third operator 
would act as an assistant to the other two operators as they required and would 
be responsible for shipping and receiving duties, housekeeping and general 
maintenance. 

In addition, three other people will be required to take care of general office 
duties. Two of these people will take care of general administration duties such 
as typing, accounting, sales inquiries, etc. The third person will be required as 
a general manager of the plant and would oversee the day to day operation of 
the facility. 

Assuming an average wage of $17/hr for plant and office personnel and $25/hr 
for the general manager, a combined hourly expense of about $75/hr would be 
required. These figures take into account the difference between hours worked 
by office personnel and the process operators. 

Overall budgetary figures established from the above calculations for all three 
scenarios have been symmarized in Table III. 



2.4 Output 

Looking at the above budgetary estimate of approximately $140 per hour for 
Initial operating costs for Scenario #1, this would translates into a minimum 
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asking price of about 26e per kilogram (i.e. $140/hr + 550 kg/hour) of 
devulcanized rubber produced, excluding raw material costs. Adding the raw 
material costs of 370/kg (see section 2.2) the minimum asking price would be 
approximately 630/kg. • . - 

To make this venture attractive for an investor returns on the money invested • 
would likely need to range between 1 and 20 percent. Considering this 
assumption the asking price for devulcanized material would need to be at least 
70c/kg. Results from all costing scenarios has been summarized in Table IV. 



2.5 Summary 

The current market price for reclaimed {devulcanized) rubber imported into 
Ontario from off shore has been reported by one source to be as much as 
50c/kg. The price can vary significantly and will of course depend on the quality 
required. 

The rough costing carried out in this section suggests that the production cost of 
reclaim would be above the 500/kg quoted by industry. However the costing 
carried out makes several assumptions which may have inflated the cost of the 
reclaim. These include: 

• use of a high quality rubber crumb" 

• new capital equipment purchased instead of used; 

• prime Toronto area real estate selected: 
■ generous labor rates. 

Further refinement of the costing is not practical at the present time. It would, 
however, appear that the rubber reclaiming process could be carried out in 
Ontario at a competitive cost based on these initial calculations. 
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i, POTENTIAL APPLICATIONS 

A key element in ultimately commercializing a scrap tire aibber reclamation 
process will be finding users who would commit to using the reclaimed aibber. 
This will of course be dependant on identifying applications and tailoring the 
reclaim to suit these applications. Our initial investigations indicate that there 
are users willing to use reclaim at the present time. 



3.1 Industrial Contacts 

To gauge the interest in reclaimed rubber, selected rubber converters and end 
users were contacted and interviewed in person. During each interview a 
number of questions were asked. The types of questions asked have been 
summarized in Appendix C. All of the companies contacted requested 
anonymity to prevent competitors from gaining insight into their operations and 
cost structures. For the purpose of this report the manufacturers will be 
identified generically and details of their operation that were covered in the 
interview will not be given. The companies interviewed included; 

• a rubber converter and recycler supplying to various automotive, 
commercial and industrial applications; 



* 



a rubber compounder suppling to converters for high end industrial 
applications including belts and hoses; 

a coatings and adhesives supplier producing njbber and asphalt based 
products for the construction and other industries; 

a muttimaterials recycler with expertise in crumb rubber applications. 
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The following two subsections will summafize the discussion with these 
potential reclaimed rubber users and highlight issues associated with reclaimed 
rubber. 



3.2 General Requirements for Reclaim 

The reclaim used by the interviewed companies is being supplied from the US, 
Europe and the Far East. It was made clear in all interviews that there was a 
market for reclaimed (devulcanized) mbber if the price and physical properties 
were appropriate. What is acceptable reclaim will, of course, vary according to 
end use. The fact that reclaim is presently be used by several of the companies 
interviewed shows that reclaim with the appropriate price and properties can 
and is being produced. 

Another key criteria identified is that the reclaim should not have any 
objectionable odour as a finished product. In ORTECH's initial evaluation 
program the reclaim rubber was found to emit a somewhat objectionable odour. 
This was commented on by at least two of the organizations we discussed this 
program with. This problem will need to be addressed prior to Introducing this 
technology on a commercial basis, " 

Widespread used of reclaimed rubber in the Ontario market has been 
hampered by several stumbling blocks. The most significant problem is the 
poor availability of quality reclaimed material. Users have reported that reclaim 
is not readily available and that getting the quantity required with a reasonable 
delivery is frequently a problem. In other words, consumers of reclaim material . 
have had to take what they can get when they can get it. 

Some reclaim users have reported to us that they found It much less difficult to 
work with than they originally anticipated and have no reservations about using 
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this type of material in the future. Initial experience with these materials has 
been favorable, suggesting that an appropriately sized Ontario based producer 
might be well placed to displace imports and supply new markets. One of the 
advantages an Ontario producer would have is that they could woric closely with 
their customers and develop a reclaim for an application in conjunction with one 
another. 

Based on information given to us from industry contacts the physical properties 
of the blends produced at ORTECH as part of the specified laboratory trials, 
were also found to be comparable to, although some what lower than, materials 
presently available (and being used). A comparison of the physical properties 
of the commercially available material and product made as part of this 
investigation have been summarized in Table 5. 

It should be noted that the ORTECH samples were not optimized materials and 
the properties could likely be improved. In addition, the desired properties of 
the reclaimed rubber will be dependant on the specific application the material 
will be used in. 

Ultimately the key to the successful commercialization of a reclaimed rubber is 
its cost/performance ratio. All potential users of a reclaimed product will only 
use it if the cost of reclaim is considerably less than virgin rubber costs and the 
properties of the product they make meets minimum performance requirements. 



3.3 Spacific Applications 

Discussions with industry have made it very clear that many applications being 
considered for reclaim would involve blending the reclaim with virgin rubber. 
The percentage of reclaim which would be used depends on the application but 
a range between 1 0-50 % would be typical. * 
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One industry source has estimated his potential consumption of reclaim for 
existing production could easily be 1 MM kg/yr if sufficient quantity and quality of 
reclaim was available. Products manufactured which could include significant 
quantities of reclaim include sound barriers, flooring, mud flaps, truck bed liners, 
hoses and belts for use in both OEM and after market automotive applications. 

Another company identified a number of applications, the largest of which was 
low speed tires for fork lift tnjcks and other similar vehicles. The company 
estimated that this was a 1 5 MM kg/yr market, 30% of the virgin compound 
could be replaced with a reclaim rubber. Mence this potential market coukJ 
consume another 3 MM kg/yr of reclaim. 

Another company with an application for reclaim was identified In the 
construction industry. Presently a very expensive virgin SBR rubber must be 
used in an asphalt product to obtain the proper consistency and rubberyness. 
The company indicated that It had used reclaimed rubber in this application 
previously but that it was no longer able to source the material and was forced 
to use the expensive virgin rubber. ORTECH's reclaimed material was tried in 
this application but was not sufficiently devulcanized for this application. 
However, this organization has expressed an interest In pursuing this option 
based on the economic benefits of using a reclaimed rubber versus a virgin 
SBR compound. If and when a reclaim njbber is developed to replace the SBR 
material another 2-3 MM kg/yr of material would be consumed in this 
application. 

Another company which uses crumb rubber in a variety of applications 
indicated that it recognized the potential for substituting reclaim for caimb to 
yield higher value products and to reduce the cost of the resin used to bind the 
crumb rubber. Applications were identified for both straight reclaim and reclaim 
blends. This company estimated a volume of 1 .5 MM kg/year would be a 
reasonabte volume for their applications. 
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i. CONCLUSIONS 

* Vulcanized rubber, specifically scrap tires, can and have been shown in the 
literature to be reclaimable; ^ 

* Reclamation of scrap tire crumb has been shown to be technically feasible on 

a laboratory scale by both digestion and thermomechanlcal processes; 

* Thermomechanical reclamation appears to be the most environmentally and 

financially sound process investigated; 



'ife 



An undesirable odour was generated during devulcanization of the rubber 
crumb. This odour persisted in the end product. Reclaims are available with 
« significantly lower odors suggesting that the problem is surmountable; 

• Initial estimates indicate that a scrap tire reclaiming facility in Ontario could be 
* ©conomically feasible and could produce a marketable product; 

• Cmmb rubber and capital equipment costs will need to be reviewed and 

optimized in th# next phases of this work; 

• Further optimization of the thermomechanical reclamation process would be 

required including tailoring the product properties to specific applications; 

• Reclaimed rubber is being used in Ontario and there is no domestic supplier. 

If there was a larger supply there are additional markets for the product; 

■ There are a variety of potential applications for reclaim and several 

companies representing different market sectors have expressed an interest 
and/or indicated that they already use reclaimed njbber; , 

• The controlling factor for the use of reclaim will be producing a product which 

has the appropriate balance of cost and perfonmance for the intended 
application. 
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i- RECOMMENDATIONS 

■ Details of the configurations of previous thermomechanical equipment should be 
further investigated; 

• Alternate process equipment configurations including single screw extruders 
and continuous mixers should be investigated to determine if a less costly (or 
more effective) piece of reclaiming equipment can be identified for reclaiming 
crumb rubber; : . . 

• Continue refinement of the thermomechanical devulcanization process to 
improve physical properties; 

• Investigate ways of minimizing the odour associated with reclaiming rubber 
using the thermomechanical process; 

• Identify less expensive sources of scrap rubber tire crumb. 
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Table I 
Basic Assumptions For All Scenarios 



Output 
(kg/yr) 

Operating hours 
(hr/day, days a week) 

Operating Weeks 
(per year) 

Power 
{0/kwh) 

Water: 
(C/gal) 

Rent: 

($/sq ft/month) 

Wages: 
($/hr/person (avg)) 



SCENARIO #1 SCENARIO «2 

1.500.000 . 1.500.000 



24.5 



46 



If 



10 



11 



24J 



11 



ii 



SCENARIO «3 
900,000 

24,7 



11 
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Table II 
Extruder Cost Details (in Canadian Dollars) 



ITEM Betol 


Berstroff 


i 

Extruder 




80-85 mm diameter 575,000 


550,000 


60-65 mm diameter 320,000 


400,000 


Feeder 45,000 


n/a 


Product Handling 




2 roll Calendar . 


, 


Miscellaneous Equipment 




(i.e. fork truck, tools, spare 




parts, storage bins, etc) 


.' . 


Extruder Installation 




{I.e. Electrical, mechanical, 




plumbing, etc.) . 




Contingency " 





Average 



562,500 

360.000 

45,000 

125.000 



300,000 



15.000 
250,000 



Capital Costs for 80 mm screw diameter 
Capital Costs for 60 mm screw diameter 



$1,297,500 
$1,095,000 
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Table III 
Operating Budgetary Figures 



ITEM 


Cost/Hour 




Scenario #1 




( $ \ 


Depreciation 


47.00 


Power 


11.00 


Water 


0.15 


Building Overhead 


7.30 


Salaries 


75.00 



Cost/Hour 
Scenario #2 
UU 



Cost/Hour 
Scenario #3 
L$J 



45.45 

11.00 

0.15 

3.70 

65.00 



35.00 

11.00 

0.15 

3.70 

65.00 



Totals 



1140.45 



$125.30 



t114.i§ 
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Table IV 
Potential Costs for 1 Kg of Devulcanlzed Rubber (In e/kg) 



Parameter Scenario #1 • Scenario #2 Scenario #3 

Devulcanization 2g.O 23.0 41.7 

Raw Materials 37.0 37.0 37,0 

Estimated Asking Price 

If 10% Return . 70.0 66.0 86.7 

If 20% Return .76.0 72.0 94.4 
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Table V 

Comparison of Physical Properties of Commercial 

versus Laboratory Producecl Reclaimed Rubber 



Physical Property US Off-Shore ORTECH 



Hardness 55 H 55 

(Shore A) 

Tensile Strength 6 11 4^ 

(MPa) 

Elongation 240 240 185 

(Percent) 
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Figure 1 - Pevulcanlzation Process Block Diagram 
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Appendix A 

Extruder yanufacturers Information : Berstorff Corporation 

(23 pages) . ' 
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Berstorff today: 
More than 
80 years of 
experience In the 
development 
and manufacture 
of extruders 



Today, Bsrstorff iook fcack on several cecsoes c: 
experience in deve oping and ranufac:L'r;nc 
extrjde'S. suppiiec wona-wide not oniy tc tne 
ruDber and piasiics insustr/, out atso tc tre paper, 
cardboard, ceilulcse, food and luxury gocds 
industries. 

With a torn of more than 150 vanous types cf 
extruders, 'rom 25 to 650 Tim screw aismete' 
Berstorff offer tne most versatte exiruder pro- 
gramme offfiitfif on the worid market. • 

One of the milestones in the field of extruder tech- 
ndogy, design and "nanufacture. is the wond's 
largest extruder that was built by Berstorff in 
1977. The screw diameter of tnis extrydtr is 
600 mm and its length 2i 0. 

'in oraer to select tne most economic tyoe of 
extruder fo' each inijivicuai process requirement. 
Serstorfi supDiysngie-screw. twin-screw, plane- 
tary gear and special extruders. Th?s programme 
!S suppisniented by numerous auxiliary accesso- 
ries and ^me ecuip.T.ent — such as pel'etizsrs, 
screen changers, contmyous melt filters. cooi?ng 
units and pe;*ets dry:ng systifiis. 

The first twin-screw exiryder was byift by 
Berstorff in 1966. The m.air. engineering features. 
sucr as co- rotating and inlermeshmc screws were 
aireasy integrated ir tnis extruder at that t?me, 
intensive researcn and aevgiopment. anc a close 
cotlaboration with leading German raw matenaJ 



manufacturers, spurned the marketing and sale o* 
Berstorff twin-screw extrusers fcr an econor^ica' 
continuous pfepaiition and processing of 

For special process tasks, ..e. homogenizing, dis- 
oersion. fiiiinc and reinforcing, modifying, pegass- 
:noand recycling of pasties Berstorff twin-screw 
extruders in two-stage aesjgn are offeree !n v.e"* 
of the future rnarket Oiveiopfnent for remforcec 
and higniy fslied plastics, this sophisticated and 
tecnnically outstanding 2E-A extruder ser.es 
offers decisive economic aavantages f o' the- 'aw 
materia! manutacturer. tne raw mtatenai .'efmer 
and the yser itseif. A substantia! feature is ti^e 
enia'cic screw channei volume , aOowmg 
increased outputs a! :ow melt temjoeratures, A . 
numoer of local and foreign patents nave oeen 
released for this optimized ZE.' ZE-A system anc 
line concept. A'n:ch cante mcfo-processor- 
conlrolled. :f requred. 

Another maior feature fs the extruder's engineer- 
ing wmcn Goes not only mciude the mdivicuai 
m.acnines anc accessories cut also incorccrates 
inetechnoicgy for each inoividua' process 
requirement. Our engineering oepartments are 
specially laid out tc cessgn complete manufactur- 
inc lines, turn-key plants anc g.'ant know-how and 
•''Eirang of customer perscnnei. 

With this .new series. Berstorff has undouotediy 
set the tmn^ for the f utu.'e. 




Process- 
lectiniGal criteria 



As afready mentioned, the fields z': appiicarJon for 
twin-screw extruders are manifoid anc aivvays 
ccnnected with a high decree o' process-techni- 
cai know-now- Mew applications are pf rnianentiy 
arismg, has shown in t^^ foilow;ng exampfes: 

— Change from discoqtiRuous te eontinuoiis 
operation, resulting — tor aimost a£ mixmg 
tasks — in an sncreased economsc efficiency 

— Compliance to nig her iegai standards, with 
regard to the residua! monomer and solvent 
content 



- linkage o* iniividua: process stess 

-- Deveicoment cf new sncineinng p-astics fcr 
speaai applications and for low-scaie prooic- 
tion 

Due Xq thejr constructiona.' ana process-techmca; 
characteristics, Berstorff twin-screw extruders are 
optima! for accompsish!no all extrusion tasks. 



Building-block 
system 



By using tne Berstorff' s buiiding-DJock system, 
screw and barrel eiernents can be aaapted tc the 
specific task required. By applying the optimum 
screw geometry, barreis can be arranged accord- 
ingly for such tasks as conveying, compressing. 



homogenizing, degassing and pressure build-uc. 
Our standard construction materia] for screw and 
barrel is nitrided steel. However, if required, other 
wear and corrosion protection options are avait- 
abie. 




^^wmm 





P«ln^ ft^ri 5rcf1.es. muii o;e-'.!g'' 



'ransversa \ ssa.*: co' .es n-.u t!Ste-'::5': 
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Close- 
intarmeshing 

screw pf of lies 



Ctose-intermesliing of the screw profiies 
tnhsnces short resisence time thus avoiding the*-- 
ffjai degradation of the product that wculc have 
resulted frorr: a too iong dwelling time. During a 
product change, cleaning times are mmm\ie&. 
moreover these screws enable a high pressure 
buiid-upaswell. 

Reducing the screw flight width, i.e. enlargement 
of the gaps in the loex area, the chambers can be 
^htly opened, thus improvinc the longitudinal 
mhmq effect. The self-cleaning nrcperties o: tne 
screw channel remain praelicalfy .unchanged. 



For special process-technical tasks requiring 
camCiete ^nterneshinc of the screws along a ssa- 
tia; CLifve with a narrow gap, »!ransversally sealed 
ofofilss« are avaiiabie. 



ating 



sciews 



Due to the design of co-rotating screws, high 
speeds and thys strong shearing forces and hign 
outputs can b€ 03ta:ned. Compared with tne 
counler-roiating twin-screw extruders, no addh 
tionai radiii forces fesult which would have sed to 
an increased wear of the screw and barreis. 

With trie screws rotating in one direction, the 
matenai is transferred from one screw to the other 



and uncergoes a constant mixing. This ohenc- 
menon :s of soicial importance for 2 moderate 
and homogentcus mixing, and *or the neat trans- 
fer frojrs or to the surrounding inner nousing wa! . 
In addition, the n^atenai's intensive and constant 
surface renewal creates favourable degassing 
conditions. 



■^^. 
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-z ;s-w8's fc ic ex*'^de'$ 



Kneading and 
mixing efeinents 



By ttie usf cf ccnvey-"g c ^9!a-*'"g kpead:ng ete- 
fliifits, a gooc no^cce'- za: c" d:sDersion s is 
achfev'ec 'A"ii e ""t'ccucing "^'g." srea- sressss 
Wher rar'grg tne cia-^eter wd:" D' staggerec 

iniroa jcticr. car De aaa;:tec :o tne proa;.c! to se 
iTMted. "iie .nte-i^eshinc 3'' me knea^-rg e.e- 
fients is effectea aiong a'spaiia- cun« mtn con- 
stentgap. . 

For carefyt mscifif 0! tie prudwl, ^peAi raed^ 
aitfiients H^e a^c&ed These etements are cpt'- 
mizec «f!* regale tc a n:c^ d'.vq caca2!::!y at 
lew energy r.su: Such e.sments are usee *or 
acdinggsass carber d' nets' fib^'es as-wel asfei 
mixinc Drcau.cts D* drers": yiSCDS;t!es. sjx as 
poiym&rs inci^difsg sofvents or sfipDsng agents 
fof clifassiiig. Tnis -esutis a: t:".e sarre ti.-ns tn a 
freqo©!! rengwai c? tfie melt surface wniie tie effi- 
cfencf ^ Ills arang. process miaiiis nftchsif^. 




rsow dsrec 



High admissibii 
screw torque ■ 



Star unit and fcrt w shafts art oesigned to trans- 
fujl a u'.c^ to'sus """lis twS scs'jV ""'■'"■c dsQ''se 
ctn ." "na"v cases De rceasec a'c r'^e sc-eec 
feasts, nig!" o-tpuis can aisc ce aci:eve: *!th- 
fcitexKed;rg tne rnax;nurn aam:ss;3>g ircajct 
temperature. 




ZE and ZE-A ' 
'Two diffiren! 
diamieter options 
are offered at the 
same screw 
centre distanci 



-i,: i ;; :*•& sc-ew 



Dili to two different ciameiers at the same screw 
centre disiance Berstorff twr-screw extr-jders 
can be applied lor a large vsnety of tasks. UuW" 
pie thread screv^' Drofites are avaisaSis tor Dotn 
screw Giameiers along witn a comotete range 3* 
,<neaainc anc mixing iiements wnich can De mler- 
combinec depending on the specific process. 

The standard Berstorff ZE twin screw extrudtr 
Wan the smaller screw diameter and aepth of 
screw flights is advantageous for a prKluC&n 
requfring high sneanng forces. 

The ZE-A extruder wit.i the larger screw diatneter, 
larger ffight aeptft and higher convey :ng valume ss 
used fortiose productions reouiring icw shearing 
forces. The deeoer screw flignts -educe the 
sheanng SDeed and stress at a constant screw 
SDsec. the lE-A ^s an ideal macnine to Drocess 
snear and temperature sensitive matenais. m tne 
case of a higher snearinc rate, the S-A can oe 
operatec aflngner screvr speeds, render.ng a 
higher OL'tput. 



The large conveying volume of the ZE-A extrudsf 
:s cartiLiary suitable for d;^:cu!t-tc-feec co- 
ducts such as powce' witn tow du!k aensitv c 
*,ore-!oadec rri.xtu'es ~re identcal screw ce^t'e 
c:staf^ce aHcws T.e two extruders tc ce cc^^c ne: 
ipio one': !i. iCr exarr.sie. tne oenet-'ec ZE 
extruder uncergces a 2iff'cu!t aegasssng ilov. ppm 
values ' and t^e men s temoerature is iimitec. a 
CGr.t5'.nat>on of ne ZE and ZE-A :s acvisabse. "^he 
devices the standard ZE !S eguiDpes wst." are 
tncse of feeding, scitds conveying, piasticiz-ng 
and the ones of tne SDecia' ZE-A are tnose o* 
cegassing. hcmogeniztnc ana DresSL;re ouiid-up 
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eZE-KE 
Extrusion Line - 
A useful 
combination of 
two successful 
systeiTis 




Sxiraswrs tee ZS 'SC A;K£ 200 

VVie" manuiacrj'rc zonzo'-^r.cs sensitive to 
temperature &?.2 s"eannc. it :s r^ore eccnsmjcaf 
to seoa-aie t^e access tecrTca' stsDs ^ b$T'- 
cai'C^ cecasSiPc arc zlszn&rgr.z ""re ext'LCe* 
ZE vV'itf; t"e raosdiy turning rwin-scsi^'s ^cn- 
pouncs anc degasses. wnereas tr.e extruce' KE 
with tre siGwiy turnrg aeep-cnar.nei s;ng,e-sc'£w 
buflds up the pressjre requtreo for Gischarging 
and pelietiz:rc. 

Ths^ lines are already being used efftciently, for ' 
sxample, fortne prsDararo- o*" crossi^nkab'g ?E 
(VPE), the procucfC" z' ^E-'zz-^ tne cor^CD^-^.c- 
mg of hot-me[t ac'^asfves :r-e p-scaration or byiyl 
ruQbe' and the Drxessi.ig o: ^VC. 

tn general, these twc systems are arranged at a 
ffght angle tc eacn otner * thev are :c pe ':£'"gep 

1026**"°' *'^$" S■♦'^|a<• »>^p T£ ^^ -Hp /^ <; "CC r>"p^ 

cases. D::r exfjce's ca' oe a'-s'^gec " ra'a r 
and ccrnectec v:a a ^eatap e '"s t-:;^^^:. -: 
line, in th:s 'esoect ne aecassirg crccess ta^es 
place prererao y t. fe srp.e-screvs exiruper at 
stow soeed. 



Bc" 



'5 0rv^'!».5i.. 1^1, 



'3era- 



.„„ "g - ;;~vo,a"C5 tc tie 'eeva'* S'ios Tm 
coc "C cazac %- ^a- pe ic'easec r special 
cases p. =" -'5-conne::ep '.- c Dec coc e''. In 
most cases tnese :.nes a'e eqjsPDec ■Mtn a hot 
dre face cutting. 
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PA 5 ans ^A 5.S With 6C % giass i 

Process 
applications 



Typical process applications for the Serstorff 

ciose-intermeshmg, co-rotatinc twin screw 
extruaers 2E are: 

• Compounding of reinforcement and filler mate- 
riais sucii as: Glass fibres, taic. limestone, 

wood dust, etc. 

• Colouring and/or stabilizing of plastics 

• Production of pigment, flame proteciion, blow- 
ing agent and fiiier concentrates 

• Production of different plastics alloys and 
oiastics eiasromer alloys 

• Homogenizing of products with varying viscosi- 
ties 







• h^odifying plastics by incorporating additives 

• Melting, homogenizing aod peileuzing cf pow- 
der with low bui!< density, smalt grain size and 
iOw internal friction 



as water, monomers 



• Degassing volatiles si. 
and solvents 

• Chemical reactions 

• Polymensation. post-condensation 

• Repeiletizing of ground materials and agglom- ■ 

erates. as well as film or fibre waste of low bulk 

• densit)' 

• Recycling of, for example, bat^ ■mb.ber 



Products 



^.?.% orocess expenence with the 3e''st0'^ twin- 
screw extruder 2E snciudes the foilowmg poiym- 

• low-densit5' poiyethyene (LDPE) 

• linear low-density polyethylene (LLDPE) 

• higfi-density polyethylene (HOPE) 

• poiypropyiene \f9) 

• polystyrene {?S"' 

• styrene-acrvionilriie copolyreer (SAM) 

• acryionitriie-butadiene styrene ( ASS} 

• poiyamides (PA 6. PA 6.6. PA 12) 

• li.near polyester (PSTP, PBTB] 

• potycarborate(PC) 

• ;POylymethyi methacryiate (PMWA) 

• polyphenyienoxide 

• polwtherether ketone (PEEK) 



• pclypenylene oxide (PFO) 

• poiysulfcne (PSU) 

• polwinyl chloride (PVC) 

• polyvinyl butyral (PVS) 

• polyoxymethylene (POM) 

• fluoropoiymers 

• thermoDlastic rnaterials modified by elasto- . 
mers 

• elastomers, e.g. SEP. ^?'2\}\, siiesnt nifefef f 

• thermoset materials, thermosetting mouWing- 
compounds, e.g. UP 

• flooring materials " 

• powder coating, toner 

• ceramics, catalysts, and catalyst carriers 

• food 







Exa-p es o* c **e:e^: ZS- .res 



Examples of pro- 
cess applications 



For mos: aDpKcatsors si::r. as 'iLrz. re^nforcr.g 
alioyirig or reciaimmg. a different cornDtnstion and 
assembly o^ the rrracnine, downsiream equiDnen: 
and sp€C:a! accessories are required. The flexit:!- 
iiy :s aiready cesisned mtc the ZE ans ZE-A 
€xtJ"uoers. niaKing tnis ec'jiDrnent f:;gn:y suitafcie 
for tnese various apoi: cations. 

The fO!low:nG saces ^rovice sc"ie BxzTQ'.es o* 
comciete oroauction mes cesicnec snc supplied 



■fi 




Line for reinforcing thermoplastics 



• 5a* T.ateria supd-v 

2 nfsf speec ■r: xe- 

3 Mair srefiuct :cJr!S<jr.er! storage 

4 =>'e-T:xe: lorrgotiert storage 

5 'Aetgn be;t tee3€' 

6 .css-,r-weicrt feeds' 

S. -:&.'£ storage 



9 3;assr3¥:^csij:c.v 

C Twrscrewexr'-cerZE'ZE-A 

' Ware' Mtr 

2 Air kn:fe 

3 Strans se .et;zfir 

£ Si. OS 

: 5 SacKirsq s'.atiO" 




Line for alloying of thermoplastics 



2 Siorac« "S oe «;s 

3. Storage '='5 -es 3irr 

4 Storage acfiitives 
3. G:ass fibre ieec;tic 

5 Loss-i"-we'Cf-t tetce' 

7 Tw;fi screw BKrucer iK.'2£-A 

g. Dow'iS'.ream feece' tor giass !:5rK 



5 Sesass ^z syste-*- 

S 'Aale'-nng p«..e:;ze' 'A^3 

• Tfsnsso't «a:e' svster" "^'S 

2 ?e'..e: :*■«' 

5 Classifier 

5 At!Cti:'".ga"CS3;<T';s;3:-o' 



L: .'^: 
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y ne for filling of t^^.^T.cpiastics 



2 S'-cage ^- ■:« ets 

3 average ^- -ec.ai.T. 






2' : 've- 
ts 'er. -nate-.a s is 
P Ma:* S€i!e'. sts-ap 




Lines for the poSymerization 
of thermopfastics 



'. MoMraer 
,2, tt0f»n5€r 

4 We g'.rg and »«iig w^ 



'.3 Addi'.:¥e 'eec 



A Witecnng gramiaflss 

" £ Trasssjrt-wate' circ. a' c" s . re~ TiA'S 

*£ S'osJ;;:- S-JC 

:S W8jQft:f.c arc sac-' . "c s:a: :- 



2Q Watf a'SB^fi 



2 o*-^c .S'/ ; 



C' Pr&dyctionofflatI 
2^ = s; sneer t.e 
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Lines for the filiing and retnf orcein ent 
of thermoplastics 



3 4cd tves 

E "*r see* sxt'jCe' ZE 

7 .a-e-a :qs'.3 :ev'£€ ZS= 

4 Desass.'s 



' ■ ".T cstness gauf* 

'4 D'0ss-c;:t!!n5 cevcs 
'5- Stacitng staSiS" 



IS. 3«;ieE ciassffiiasof; . - 

®. - f,:srt#c g.-sauc! ^te 

t1. Wfigfttng irtg sKK-fSi^ fMea 



If 




Line for the production, of coloyr concentrates 
(masterbatch) 



4 less- "-Aec":*?ece' 
i 'w " s:'eA ex:-„cs" ZE 
; Decasasrc S'.ste* 
? Stttnaese 
I. '^IKteii 
i. At? kaile 
?6. S:rars ^e .?-.;?- 




.il' M 



Line to: ceqassng of thefmopiasucs 



:'-<\ ,-;t;v2-;' ;.;:' 



:-- r.?€- .VRG 




Line for scrap reclaiming with d'egassing capabillly 



1 »i: 

3 Cd-'WV'^ scsw 

fe A'atf f-nnq pei ^tr sr 'A P 3 

7, ^##f 

$ SJSfSft 
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Constructional 
elements 



Drive 



The extmder csn se drivefi eitftef &y an A.C.. D.Q. 
c' "ycrauhc "Oior, Deoencinc on the asD icatcn, 
tne sseec can be eitner constant d' var'ab»e. A!.' 
f'e System s sarts witn c'lica^ funct.ons are e:ec- 
f caliy mteriocKec so that !'" the eveit o' a mar 
r^nctior the extruaer arc auxtlia", eausomen! are 
iTi^.eo.s.iely t'dt-^f. As a standard zC exfucers 
are equip sec witr an adjustab;f lorque hrnitr.g 
^iip&^. in case c-f a malfunction^ tie drive and 



tie exlEi^r are mms&&:i , csccnneettd, under 

no !C£C. 






^0' a': tyces jc ;c tne 21 B 

be e'tne' ^re:ti. couDsec c 

gear unit sy a V-oei: arve ir case t :y-e larte-. 

tne rnetcr car d€ arrtnpd m accoroanct A-itn me 

;Oca- coiditw-s 



Gear Unit 



"he gear -jni: speaa? * des;cned, de^'eicoed antf 
patentee *c' ou' ?Air screw-sxt^uders FRG 



Patents 2S 52 
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basisc' srcrt tecrxa. iicaificaticns. lie cc- 
fGtaiior, o' the see* drive snafts. 

The gear unit is cc-nstracted in sucn a way ii'M 
eacr screy* has .ts 2wr set a* gea's >ese a-e 
csnnectsd tirv.iy r tie gea' j^;t Z) a ' z.d toct" 
couDiinc Tne power transrn:ss!0". tc tne inajvcja, 
sere* sr;ve sr!a*ts ;s efiectec frcr tne rgsoeciive 
'esiiction gea'dy Dower-rrancn:nc inte^^nes-ate 
gears. Tfiis interrriedsate gear arran^efnerjl pco- 



vides dc'jD'e Tss^.-ng :' t"e ges's s: :~a: i- t 
Icrcue ca- oe trarsrr^'tted at 'B.a:\B.) s'-a. 'c- 
ces Ls.^c :"'S D' "^CD-e tne 'acia' 'a'ces r tne 
pars are conDe^satec for, thm nm requiring any 
^c.a. ^ean-'gs 

Ai gear oarts are Tims of fiigf^afef, forgtd, 
case-nar-cerec sree 'ne gear whgate are case- 
narosnec anc g"Lnc 

Lubrication Is asoRttf by oil injeclior Beaiias 
a"'C gea' cats are I'Jt^r.catec tnroug*^ : : -^gs in 
tne gea' ;as ng . . 



U 




Thrust bearing 



ThB ttimst bmnm arrsnggnient ^r azsroinf ^mmc m%f btafin|, #ow fte trtnsmtssioii of 



X".Zi' Z'ZZ^is '^s 


^se: 5„ .;- r 


■'•"ecea'j"!: "e 


Hon. 



use cl oQin. ouai lancep oearmg an c ax a se 



Cfrcotatory oi 
■iybrication, , 



and inrustDeanng "'•e c . s cear'ec c* gac mz 



r,agiie*Jc filters. Di' cDc!e'. cass j- 



ncnttcr and 



Barrel *' 



sestior.s 2* " :* 5 2 e'rt" ea:" =."^ " scsotl 
-{jcpc 0-2 '=?-"''' 5 r s^.::' r: :&c taaethar 
tnd intefCTsangeaD.e 

Easr barrs' sect-c :a- ne D-cvdes w r ::r'es 
ccssG Dv "se^is ""gse r.ss^ts £'5 s '>"?' '.aCwS^i 

adciiti*gs. 

For virions process tasks, the ba-re sect'.c^s are 
avaflabie as cioseti oies c w=tr la-gs aegass -c 
openings. By reDiac-nc re cecassif^-c :r;ser! 5> a 
dcsng ore. a aos;ng bar'e. "S DDtained. "^r.e lille; 
ani rein'orcing materia.s can De D.encec nofizofj- 
lEily or vertiCi%» 

starCft'C aes-^r* as one p ecs c: -/J.cec stee . or 



g-ys '^'cc„c!s t"3 ra"2.s C5.^ ^5 iZ^ crsz A . 
^xcrs'^csa^ 9 '"S's *"!" SDSc.a d "8ts •" "g or 

The barrels are ses c - s : : ' e.eciricti healing . 
wA wsttf-a»ing or, in sceCiSi esses, atr-cool- 
tng. 

Htatfnf/eooiffii can te effected b¥ liqyid. using 
orga-c t^arrra oi. crsss-" zee A = :e' r s-eam. 
^."5 ZQZ '.-z syster, .s 3:'*"e"£ 3'e; sc ra; t~5 
-£.'• :£t c' re sieanng energy tfi tM pfoduci is 
Z'SS'Zt'.^z t.i'C-C" tne carrsis. 



' FRG patent 2S 22 572 
curcp. patent 042 46S 
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,c-; r,c»,s . as «5;a3 * 



6 Sac, Scsftv cos^i^ 



Throttle unit*) 



Tne rr.schanicaHy :nfin:le!y vanatjle throute gap 
^nfiuences the residence time anc tne fil'ifng !eves 
ar>c. cense auently. the degree of Diastification in 
the w.e'winc area. ;n tnis way a maximum acaota- 
tfon !o proQucts with varying Row cnaractanstics 
ES achieved wsftout having tc change the screw 
profile. 



The throttle uni! is available for new eaubmen- 
anc car aiso d€ fittec into already exfsting extru- 
s:cr ;-r.ss. 



'} FRG patent 30 42 427 



Feed section 



Tne feed section consists 0! the actuai feed hop- 
per and the adapte'' which separates — tfiermally 
sseakinc — the processing section fron the arive. 
The 'Sed opening is olaced in the centre of the 
'see secticn anc is usee for mountinc a forceP- 
•eec cr dosing system, in order to avoic Drema- 
■cre neitsr.g in the feed section, coo'inc tac:iities 
are oravidec. The return scroll sea^s against back- 
flowipg materia;. Cp*:onaPy. a coolabte cacKing 
gtend can be supplied for gassing and degassing 
processes, or :f powder is fed. 

As a stancard. a radiai bearing un:t ;s rriounted 
behind the glano, aitowmg safe operation of the 
(afier. It aiso ensures an exact centering of tne 
screws in tne soiids conveying section so that 
rrsetailic contact of screw fl'ight with the barrefs 
txDre :s absolutely avoides. even during force- " 
feeding. 



If the process necessitates a gas sealirc as for 
instance in meil-*ed extruders, a sealing g.and 
with double sliding rings and a pressunzec bsook- 
ing iiauic system ;s installed. This ensures a gas 
imperrrjeabiiity up to 25 bar. 

The adaoter has ia'ge openings enabling main- 
tenance wofK without Having to remove isnneces- 
sariiy parts which are not subjected to it. 




CAD-fiftW'iRg oi rhe scrtw stssgn 

Extryder screws 



Hia screws conaM of COTtinuous ^^fts onto 
whicii the varioys eferotnts are "" : ^"z z ^G 
?atirt27 40 0281. The screw £ss5t: , .3 gener- 
1% CQSpssed of convevinc, snearing and niiing 
eteffigfite. Each screw conftf uratton can be easily 
attained due to a wWgselecliQnpf^ew file- • 
ments !^L ' - H great wifMtilit^ and adapt- 

After thtir mounting on the sfiafts. the screw ele- 
ments are pretensioned with the screw tip. 

Cup springs comp«nsate !ti6 thsmial exp^aon 
between sh^s and screw efements. 

Two round keys, ir staggered cos:ticr ransrrit 
the torque of the screw snar'.s !c tne i-civ'S jai 
.^nw ejsmsn*. "Tnis Ges'C:n r'svgnis :r.e jroDved 
S^tions c: *ne screw eie.tients rom unQe^cOjng 
escct^w stresses. Tm mwxmgBs m this 
respect are: 

• gasy assembly an4 d'sassembJy of the screw 
eiemfnts, 

• Ho angiJ'ir rais^ignmsnt wntn assfmbfeg Hie 
indifiduai mrm ^mente, ■ 

• No restnctiofis with regard to ths salestiofi aitd 
heat tTtatment of M screw rnatef iaL 



Mitrjded stsel screw eiemefits are stantfai^. How- 
ever, for srocessmg liighiy ai'ssive and co^osive 
materials, special wear-rtsistint screw eie.-nt nts 
can be applied. ' . . 

The s-crews can de extended, sectionwisa, on the 
basis o: the byildiTig-biock svstam. The lorque is 
iransmitted from the gaar mil to ftt screw shafts 
by internally gggred byshinp. 

For ssara. Dr~cess tasKs !':e scsws of the 
txi'iicers ffOfT: tne ZE 6C D-^Aa^s can be option- 
ally hdated/coolf d. F©t^ and' relarn o! fhi heal- 
inf /cmilng metf a occur via tfit reievint connec- 
tiofi arraftged-tn tne adapter. Extruders can be 
modiffsd accordingly. 



J. 
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Conveying 
elements 




Copv9v*'"G 2iBT.BT,:s z'B ussd '-" fre feed, trans- 
port, pressure oui.d-L-p and aegasssnc zones. 

The scrtw Dro-ste ms neany ciosec cha^nsls to 
aiow ifnecessa.% = mgn :;ressL:'5 zui:3-^p " 
ftisway. pressure consumers -.sucn assr.eanng 
»clin;xing eienie"ts) z&t ae Diacec o-ie oeiimd 
fte i^he' over a s^or. iengtn tnus rmfiimjznc the 
ix^'jaer lengtr. 

Hit OTweyfiig si^on ^t^ns Qpm scr«w dtam- 
l^fs 5y reducing the screw fligfit wtdti or ttie 



'SteKf.iiliBiBJs 



eaK tow. 



act 



tima are intSftiofi^ iAJtu^d b^' a 



p'tcr a'e -sea :c' r^Dcifv^a t^.s r-se scfiw 
voturoe »*d ite aen^fying materials of bw b«l^ 



Kneading 
elements 



"C"cs£"Z"'c z' ps yns's. Tnese Knaadingsse- 



disks 


S S'2 dSS'C^?!! 

, s"a* -Sc cs". 


: as b'oc<; 




r^^i 


JO the teft 


or 


nght 


gr SIC! 


cna. 


'.nisnsve t; 


-: 


■" ;;; 







lixln:g elements 



Mixms 3.-emeats a'e advantageously ansiiec for . ■ te ¥i^d in !ht niince' ^:cp ifri ^lapeof tie 
m:xr.g ;;aii:cs, powaer o' fibrous addit.ves even i> teetti. Tlie tdottiecl c.st^s a'e DDtif^-zed with regard 
sr:aiies: ccncentrstions. A mixing secro" con- ic their inixifig properties at a - " ~„"" pressure 

msis gl ont or s series cl tootted chsk§ which can :css . 



m 



I' y^ 




U> ^ Ty r- 



;• :.. !.. 



C! \ 



r ■}] 



■i \ 



t (1! O) "> 



<t1 CI 






0) Ci. 



.)> f 



f a^ fJ <si 






9> t- ;; ■) .-' 



■It 1 ) ! 5 



f 4 ! ! I 

c- ?.^ r^ 



'S> I 



O 
'03 

E 
o 



"J ( 1 



O to 



t, s« 





MS':* -r .- • :'.'- 






i 


l^m^^ 


JI' Ji» 




' '"^^^s 


1^^ 





iCJ»gfl efttflf sBi esasj^fflen; sw 



Accessories 



iMe'a, Gssi^ a«!CS' ZS*£ «A3 Ksaien 



Twin-screw 
lateral dosing 
system - ZSFE 



The twfn-ser«w fittral dosing systein ZSre is 

'Fc. 0' cocn^i -.owsnc cr wa.:-ad'^s'a"i ruers or 
aid.'t'ves Deoerd:-": c*: t^e flow en arac ten sties 
T t'^e Dr^cuct tD se fed. the scews can d8 ethe^ 
cc-rctEtrc 0' aSwHte'-'otatirg "".b ssee^ cf the 
s:rsvss ',s "".GCj'*:aD5S v:a a "lecra^'ca variabie- 
SDee:: gear u"-t O' va C C ar treGuency-con- 
liolfed riolofs. Whtp ajmecting fct sosif^g sys- 



tem hofizofrtaiy sftd Ittertiy to tfie extm-der bar- 
's, t zz' De 2e5'C':ec as ■^D'.sn e scL'r~'e''t in 
O'ae'' to r!i;r;rn:2e 'C.e l:r.es cu""c ccdjc: 
cr.angg in soeda: cases, a verr.cs Tscuniing 
position, wrs^ aegasssnc agc'CTieratea prodad 
at higJt gas SDeecs. avcics as:: 'at'or d^ the prc- 
duct iiw ensures a f.a'A.ess Drmaama. 



Screen changing 
equipment*) -SW 



Efec!rc-h¥dra'j?:cafi\ coerstec screen cnanging 
units allow a suick cnance z: tne screens wilho: 
'^aving tc Dan/ 3u: r^aic' disBan-feg work o: 
.nterrjpt tne prssij:t:cr. 

Wmn rtanflftg the screen, ff» tttowni fof^- 
tiais are cafrie: c ..■ a .": -naticaly: 



• "-f gasitei i$ releasid hydraiilicalty, 

• Tre 3.tfe ^m «* *e f^w sassn is pystitd 
intothi^^^itmara, 

• ~- E "is!t sea! is re-!ir^fened by cup springs. 
•| FRS patents 43 217 



Continuoys melt 
filter *)-CiF 



m 



1U$ newly deveissed continatMis nsli iter unll ID 
fi'ter sofias fror, tne-^c D>ast:c *nef!s and to 
separate solids out s' 'qLi.tis. ca^ t)e f^tiec to any 
txisting singie or twin screw extf uoer. 

At a net screening area o: ^. c "SC :•"' t'le cut- 
Dirt caoacit) amcunts to 50C — 3CCC ks r. "ne 
CMF unit cDerates an the ^rinc-:;e o' a 'ctatrng 
eyriP.dnca! ho.isw screen Siensnt. "r.e .mDjrities 
are separatee va SDec:ai y assigned and nysrau- 
ttcaliy teckabse Daci<.-purgmg opt Rings. 



Tte screen unit is c' . s*" - "t5',a s v a " .-"-aaiic 
cyHn^e-s '^'^e amD^-*: cr ,r.ter\'a.s. tne:r Zu:^lim. 
as fte.. as t'^e cDe'ing fmtef t^ di^harge 
i^ives ars rnjcrcprocesscr-cct-c'led '"e CMF 
CDerates :J\' a-jiomaaca,.* a-: s "e '^.e 'e time 
of the screer s extaiaed :rast.:£ . casts 'z: 
pefsonnsl anc scares are ccns:ae'ac , 'ea«ced. 



FRG patent S4 35 992 




I'ldi^ ''•>■"; Ce!i£ .^t-' >'i? i <-1 C0^5 r«,t!C1 A't," S~Ce.' "crC£' 2ifi 



Three-rofI 
smoothina unit 



Water-ring 
pelletizer*)-WRG 



Underwater 
pelletizer - LIWG 



natr: 2' :"',■■£ ^srss sr,f sis ans flat films. ■ 

Tlie s-jSte-" zz-^.i s'.s a: 3 stacssz ste? -c s 
arrancec a: ar s-g e -r 3C' T'^-e/ nga:irg ccc.r.g 
is §ffectec r. a ccsea .rrcj:: Dy meins of wat^'or 
thermal oil. 

'ne rolls are doifite-walted w^ sc-'s'-s'-aDed 
s-assages anc Diov.'Cec with a "=': ;" :."-.jr 
plaied ar.d poiishec surface. 

Tte pglteiizer is paracijla^y mM^% for Li;?£. 
HD»H =? ?S ABS. ="3 E?DII tic. a! ftroiign- 

The 3!asi!C rr.e!t is cut >-hCi and dn'« :rnrr.ed:s!e!v 
:^e!y ccosea ano ifanspsried to a pe^et ar^f. 



Jhm device .s S- :ar e ':- re :e e: z -g of LOPE. 
HD=E "^ =^S and for mrougnpats frorT! 5^ fe 

The olasSc met! :s cut ufider water immeciJately 
cie or tn€ a.i p z:~. Tr.s Deisets a'e s<.T.u;*ane- 



priaie prttens :'■. '"e -'i 
rcli gap —• wh:c" s -ecrc-c 
aciust! Pigweeds. 






•5 s"sc'.= ; ■- a 



Tteroisaresepa-ais . r .?- :. -^as-sot 

tfisiirifigtitirabs:.-:e . .- -31151 rotanen. 

f-c 3:s~?"'. ": c''c s- ^f "3 ths dis. ths 
sjTiootnin^ umi m ffispiaceasle on §¥^ mils. 

The.WftS fgatofis low maiMenance rec^ ~- £ " :s 
and 9SSV cDa'atio" Dueic u^e'.e'tica :.":a :' 
the c'.ast't me't, stat.^-g cs" :€ =*"e"t9c .'. r;-' 
Qfz'Z^:: 62 a": cDrz.et? , -.cecendently from tne 



FH6pl§r4 31 16117 

ous.y G00led and convewd by the a are- Cce's- 
mr and niantenance are cu'c-- a-^c eas^ <-'ves 
,can be c:r:anged witnoj: ravr: :: :: sr-sre :r>e 
se.et.ze' "dt ne extr^ae' Serjng ot me imives 
isax„ra:5 ar,Q rep'DC-c D €. 
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Zi wiW txteatas^e sgrre^ 



Waitfiai lest 



Process 
Laboratory 



in ou' "^.a"~ 2 an: ;r Hancve' anc if. Chancae.'N.C. 
USA, se'stc": r.as estaosisnea "icsern process 
labcratones wnere new processes ard cacnnes 
are testen Lrjer sractice-cnentec ccna::;cr:s. 
With regard tc oDti-nization s: cor.structio'' and 
processing *eatures, a-l custoiners and interesiec 
carries a:s giver, :re sossfbiiity tc use lhBS& 
faciiiiies fc: tests witn mm' QVtU materials. 

Hm Berstcr*" ^roces-s iaborafories are fii!!y 
t^ppec wtf ;aDC'arory anc Droductsc" 
machines T^'m-screw ext^ueers, *!"tn 25 4C. 6C 
and 90 rsT screw c:ameter ;" sranaarc ana two- 
£!a;e zesic," a-e ava .aS'S "'^esa 5x:rL:?rs can 
be '"ec e;::"er c. T.sans a" a :c"e:-'s5C cev-oe cr 
cy one 3' se%e'a cos-ig cevres nfiDenc;rc dh 
iHe 'esu'rec crc:gs£ Scew ^er.gtr ans 2ssei!i5iy 
a'e vanaD e c-s :c tre ojiishc-s cc« svstsn. Tfia 
rr.atena; .s i:sc*"a'ced tnrcugn rnei* •iiie' «n:t3. 
prof;;8 oias c .'a' :^s pe»sti2tng sy star's KLG, 

A^crcDnate By-Toc* ^recautia^s storage o^ 
rrcnsrrers " ar-ccr'.tfitionec 'cc^s ard a;r 
sxna^st cev.ces a:tow sp€C;a" tests suet: as mon- 
amer degassing and Dosymer'satiO'' stucies of 
dseraicsJ react;o" ^'ocesses can a:sc tm camec 



The evaluation anc the oualii) co'^'"d ;*' tne 
extfudec DrDducts witn roQe- fr, ce-:! ar 
carnec out .n ar ad acentTest _£cc'a' 
t"e tests a. sata obtained 's acc„ -ec 
cotec: "ne co'^cji9"iea tn^c^at'C" ,. 
Qyenty stat:stica!.v eva'^atec a'^c C'a: 
D.avec ~*'es€-r.ts ocr-c™ -: :: '"■r 



recrr'ca stsraa'c s' 



-s *: :=' 



detests cevf.ccenta-c 'essa". 
fitia: Js r.2 *u:«rs ceneraiic-r. c: extr 



'", During 
'sz Droto- 

,5 sjcse- 

.cr :5 ydis- 

Nom, btoe- 
;ers. 
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Technical data 



~VD6 


Screw- 




Scf§w 


i Dowr 
".ax. 


soees 


. w'iw.viS,. 


.4xa. 


J 

■ 2?D 


";€at"C^:»ve' 




-~ 


— 


■^ 


K'/* 


3DM 


N~ 


<N 


<W 


<>v 


2E25 


m 


' A i 


^ 


1 m- ! 


550 


2X 90 


15 


^ 5 c i 


1.1 


1 ^-^^ 


4C 


/ 


48 


4C ■ 


500 


2X 400 


^22 


12 


2.4 


11 ^Z A 




6 5 


48 


40 


500 


2X 400 


122 


12 


2.4 


25 5C 


6C 





m 


i 110 1 


500 


! 2X :450 


3^5 


23.5 ^ 


5.7 


ZE6C-A 


54 


C "S 


48 


'.5C 




2 X 1 450 


345 


25.5 


57 


ZE75 


"5 


T.5 ; 


48 


230 


400 


2X 2750 


485 


50 




2E 75 A 


m 


12.5 ■ 


m 


230 


4-00 


2X 2750 


485 


'so 


■0 


ZE9G 


9C 


9 


48 


350 


350 


: 2X 4800 


533 


7- ■ 


14,2 


ZH X A 


96 


14.5 


46 


350 


350 


2X 4300 


633 


7; 


14.2 


2E.13C 


;3C 


13 


«, 


850 


300 


^ 2X13500 


1420 




27 


ZE130A 


14C 


22,5 


4S 


850 


300 


' 2X13500 


1 420 


. 135 


27 • 


2E130 


180 


18 


40 


1700 \ 


300 


i 2X27000 


2700 


290. 


58 


ZE^SOA 


192 


30 


m ■ • 


urn 


31X3 


\ 2X27000 


2700 


290 1 


5S. 


2E23C 


23C 


23 : 


39 


390G 


250 


: 2X75000 


4 050 


340 


42.5 


ZE 230 A 


244 


37 1 


.39 


3900 


250 


: 2X75000 


4050 


340 


■ 42.5 



Max. throughputs*) for certain processes (indicated m kg/ii) 



Processes 




ZEB 


^ ZE4C) 
: ZE4GA 


' zseo 

ZE 60 A 


ZE75 
ZE75A 


ZE90 
ZE90A 


' ZE 130 
ZE 130 A 


ZE180 
ZE 180 A 


ZE230 

ZE 230 A 


ComDouncinc. stabilizing, 

coionnc of HOPE, ?^ ;powcer; 




50 


150 


500 


C-WV 


1 400 


3500 


8000 


16000 


Filling, compounding of 
40% talc in Pf^ powder 


1 


45 


1 160 


SOO 


S50 


1 400 


3500 


8000 


- 


Reinforcing, comcoundtnc cf 
33 %GF in ?A 6.6 




4C 


^50 


450 


730 


1 200 


3000 


- 


- 


^roGuction of fnastercatch 

m HDPE. LDPE. PP. PS. PA, ABS 




35 


120 


390 


730 


HOC 


2700 


- 


- 


Degassing of PS. SAN, PMMA cell 
beads and/or powder of 0.5 % < C 


ets. and/or 
}.05% 


40 , 


lie 


340 


600 


1400 


2500 


- 


- 


Recvciing and deoassing 

of LDPE, HOPE, PS. ABS (acglomerat) 


— 


^ 150 


500 


850 


1400 


3500 


- 


_ 



TBrougi>p(«ito»gO««f pfacsi^we-pfosvcasji!^ 5« mcicatsfl of reeves; Sf 3s;e-'r^:-!#: 5v ;«s;5 i": f* .aSD^r.cv o; ou' -esea-c-"^ aiC cevesoo^.»-: c*r:rs 
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Appendix B 

Extruder Manufacturers rnformation : Eetol Machinery Ltd, 

(6 pages) ■ ■ ' . ' . 



Laboratory 
Extrusion Systems 



A range of high quality modular laboratory 

extrusion equipment for research, 
development and quality control, BetoCs 
versatile equipment can be used for most 
extrusion processes including; 





Laboratory 
Extrusion Systems 



Betoi rs a World Leader in extrusion equipment for research, deveiopment and qoali^ control with 
customers in over 80 countries worldwide. 

Laboratory scale eqyipment is available for most extrusion processes iricfyding tube, profile, blown 
film, cast film, tape, sheet, wire/fibre optic sheathing, compounding and monofilament production. 

All Betofs laboratory extrusion equspment is CAD designed and manyfactured at a cystom byiit factory 
in Luton, England, where all machined componente, including extruder screws and barrels are made In- 
house on CMC machirjery to ensure that a high degree of accuracy and consistency of quality is 
maintained. Bought in proprietary parts arc selected for their reliability and performance 
characteristics. Mechanical and electrical assembly is carried out by traiyied, qualified engineers and 
every piece of equipment is fully tested prior to despatch. 



Betofs laboratory extrysion equipment rs modular in concept in order to allow several downstream 
processes to be used with the same extruder. This flextbiiity allows the expansion of the laboratory 
facility at a later date to inclyde different or more elaborate processes in the most cost effective 
manner. 

Equipment can be selected from a standard range or can be tailor made to suit special requirements, 
materials or applications. Betofs own microcomputer control and data aquisition systems are available 
for logging of process data and results, as is an extensive range of snstnjmentation. _ . 




SIMGLE SCREW EXTRUDERS 
Betol's Dfeasion engineered singie screw iaboratory 
exiruders ire ax'silable in screw diameters from 14mm 
to 38mm. Larger- extruders up to 75mrn can be 
selected from Betofs series 90 range. 

Standarc iaboratory extruders have nrtnded b.arreis 
and screws out sp€c:a. materials of constrjctior-5 
including wear resistant ana corrosion resistant ailoys 
are available defending or, 'eauirements. fntegrai 
coniro; panels are standard, reducing floor space end 
facilitating msanoeuvrability. 

Instmmentatior^ can be selected from a wiae range of 
options including me:t temiperature and pressure 
measurement, P!D temiperature control, screw torque 
measurement and full microcomputer control'data 
aauisit;on facilities. Materials handling eouioment such 
as hopper loaders and ariers can also be syppiied. 



Single Screw Laboratory Extryders Tecfinical Data 





Nominal 




Model 


Screw 


L/D 


Number 


Oiametgf 


Ratio 



Screw 



Main 
Drive 
Motor 



Barrel 
j-teating 
;per zone} 
IKW) 



Barre- 
Zones 



Die/Adaptor 
Zones 



1420 


Mmm 


20 




— 


0.36 


0.4 


3 


1, 




1820J* 


18mm 

18mm 


20 




— 


1.5 


0.5 


3 . 


1 




1S25J* 


25 




— 


1.5 


C.5 


3 


1 




1S2S 


l&nm 


25 




— 


0.5 


3 


2 




2S20J* 


25mm 


20 




' 7 


1.5 
1.5 


0.65 


3 


1 




2525J'' 


25mm. 


25 


0.65 


3 

4 


T 

2 




2525 


25mm. 


25 




./ 


3.0 


0.65 




3225J* 


32mm 


25 






7.5 


1.0 


4 


2 




SC32 


32mm 


24 




l/' 


7.5 


1.0 


4 


2 




BC38 


^mm 


24 




'/ 


10.0 


1.5 


4 


2 





• J denotes adjustable height. Alternative L'D ratios are available to special order. 



aboratory 
Extrusion Syste 



TWIN SCREW EXTRUDERS 
Betoi 3TS co-rotating twin screw extruders are 
SDecial'v designed for corr^Dounding thermoplastics 
ana tie^.TOsei svstetis Three modeis are avauable, 
the BTS 3C nach:ne nas Dee"^ aeveiooed for cetaiied 
ana'iytica' coTtoounding anaiysis with the BTS 4C and 
49L machines used for process analysis. The unique 
design features of the BTS range make them 
Daniculariy suited to comoounding Dolymer systems 
inco'Dorating high ffsier loadings, heat sensitive and 
shear sensitive additives. 4h macnines feature 4.D ■ 
interchangeaDle and reversibte barrel modules aiiowing 
a wide -range of configurations. Screws are available in 
snort moduiar sections allowing tne screw geometry 
:o be infiniteiv adjusted to suit particular applications. 

Barrel heating is rated to 500 degrees centigrade and 
each section is cored for iiquio cooitng. Temperature 
control is bv three term PID controllers. Tne unique 
closeiy intermeshing screw design ensures efficient 
positive displacement and uniform output aitowing 
blown fiim, sneet, cast film and tubes/profiles to be 
produced without the aid of a gear pump or other 
pressure fayiiding devce. 




Model BTS -dd- 



D 

C 

D 
S 

rr 
ir 

.fr 
«;■ 



E. 

a< 
s* • 

•fc- 
c< 
pr 

?' 

pi 

ro 

fa 



Twin Screw Laboratory Extruders Technical Data 



Model 
Number 


Nominal 

Screw 

Diameter 


Standard 
L/0 ■ 
Ratio* 


Main Drive 

Motor 
(KW) 


fVlaximurii 
Screw- 
Speed irpm' 


Barrel 
IVIoduie 

Length 


Die 

Zones 


BTS 30 


30mm 


21:1 


5.5 


200 


4D 


2 


BTS 40 


40mm 


21:1 


7.5 


200 


4D 


2 


BTS40L 


40mm 


21:1 


14 


4C» 


4D 


2 


*L/D ratios 


from 17 : 1 to 37 


1 are available in 


4D increments. 









IV!!CROTRUDERS 

Designee speciafSy for research applications where 
oniy smal' quantities oi polymer are available, the 
6mn-; screw diameter microtrader allows film, tn:n 
sheet and roc sampies to be produced from just a few 
grammes of powder, enablsng comparative 
mechanical, physical and chemical rests between 
different formulations to be made. 

The microtruder Is available in two basic formats. Tne 
cast film system utilises a SOmm wide strip die and a 
25mm diameter chili rali to produce fiims up to 1mm 
thick, while the pefletising system has a rod die, bath 
and Qua! purpose hau>-off/peyetiser to enable .fods and 
small pellets to be produced. 

The extrude', common to both systems, has a vertical 
6mm diameter screw wnich is driven by a motor from 
The metering end, therelw avoiding screw breakage 
problems associated wf.ti very small extruders. A 
water cooled feed section, three barrel zones and one 
die zone witn PfD temperature controi are fitted as 
stanaard. A)i controis are fitted in an integral cabinet 



mounted on the extruder base, which is designed for 
bench mounting. More than one extruder can be 
combined w>th a special miniature feed block to 
produce multi-layer films up to five layers. . 




Micmtruder Cast Fiim System 



M 
Ls- 

Cc 

A- 
sp- 
m 
shs 

mi 
Ch 

sp. 

ret 
fei 
vis 
op 

WJ' 

Sh 

tXtt, 
CO- 
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Extrusion Syste 



o 



DOWWSTREAM EQUIPME^iT 

Compounding 

Dies 

S^and oes, frorr ' to 5 strands 

nnanufacturec :r. a range o" r-eials 

ifsciuding HasteHoy are avaiiaoie for 

fitting tc Be:c. s'ngse or twlr, sc'ffw .. 

extruaers. 

Water Batns 

ComDOund:ng water baths are 
avaiiabie ir '.2m .-noouies up to 4.8m. 
Each !S •".arj-jfactured with an 
adjjstaoie neicn: stainless stee; bath 
sect! OP a no fitted with gusae rollers 
for separation of strands during 
coohng. An ar Knife for arving the 
proQuct :s fitiec as stanaard. 

Pelietiser 

Betors modes 13D8 laboratory 
peltetJser jtiljses a gearocx to allow a 
varying ratio of feec ''oi! speed tc 
rotor soeed, gjv.ng adjustable Deiiet 
length. Feed rojt ss>eea range car. be 
speafiec :o suit parucular apDlications,. 




ModensOS ■ . . 

Laboratory PeMetis&' 

Sheet and Cast F3m 

Co-extrusion reedbiocks 
A range of co-extrusion feedblocks 
specai-y sesicned for laboratory 
aopyzBV.or.s ca-- be used tc produce 
sheet a-ic cast fiir: ir- up to saven 
layers and *o-j' atrferent materiais. 
Standard feedtsfocks are 
manufactured frorr; too; stee^ and 
chrome piatec with nicke. piating or 
Special alloys oe'.r.g usee for 
apptjeations where corrosior^ 
resistance is paramount, Aj. 
feedbiocks incorporate soeciai 
viscosity compensators tc aUovii, 
eptimssation of tne layer structure 
with matersais of differing viscosity. ■ 

Sheet and Cast Film Dies- 
Sheet and cast film dies are 
manufactured from too; steel with a 
coax-hanger internal oesign. Aii 



irternai sutaces are ".jghiv poiisned 
anc streaTuirsec arc -est';cto' bars 
ca". oe ^ttec to cortro "ne-t '.ow 

' sneet aies a-e avaTaoe f-o"" 
•v oe w"!*i f'e^D'e ap d-es fc 
srseet and cast ~urr, avauao^e from 
100mm wiae. 

For iess fteffiarjdlrig aopilcations md 
narrow widths, nor adiustaoie tape 
dies can be suoDi^ec. 

Tnree nc-1 Carendenng Stacks 
3etD''s mcoe '"""* — -ee ro.: stack 
cons.sts of t" -ea chrome 

p«ateo "ols 3"£-ctc c^e aoove tne 
other Eacf -o'. :s f'ttec wt'- -ctary 
jr.ons to 3.!Ow c;rcu.at!or at seating 
or cooiipg *rj.*G. ~ne cent'e ro :s 
fixed out the too aic bottom -oi ca" 
oe ac|ustac dv sneumat.c cvjnce's tc 
a set gap ~ne ^oil w>dth range is mom. 
150*0 500mm wh'le the ro." ciameter 
deoencmg uoc" wsetr w ,. oe m the 
rar^ge 'OOmr- t:" 300mr- A par of 
100mm csamete' ruooer covered 
Dnejm,at>ca."v ooeratec naui off roiis 
a.'e oos.t'onec after tne tnrse 'Oll 

Cast 'ti'T. Coating and Lami.naimc 
Units 

The muir.-ourpose 1215 fiim casting 
^n : car De usee fo- s-mote casting of 
f:;-" "' - -"•-"-c octona extras, fc 
cc. "at rg o' o^ocucing 

^rr.ociih'i ^ ~ "^ne -rm comD':ses a 
200mm c:ame:e* '^am' c^'m^e casting 
roll corec fc fiuic circu'Stion, 
avaiiatJie -t. widtns from. 150 to 
500mm. wtt" a set of ou'tl roHs. alt 
mounted or a com.mon base and 
driven oy a 15 KW DC motor. Unwind 
stands can oe supptied as options ''o-- 
coating anc/or laminating of 'a^ncs 
pape', plastic fiim or atymniwrn foif 
,gnc either a centre Onven or surface 
winaer can be fitted as an mtegrai 
oai: of the ur.it. 




Laboratory Cast fiim 
Die snd Chiil RqU 



A friction driven centre core wj.ider 
can be *itted afte- the haui off 'Olls or 
a pneum.at-cafly operstec guilofjne 
ca" oe sjDst:ruted for curung samipses 
to e-iCt" 

Tube, Rod and Profile 

Twoe. Rod ^r.d P-ofHe Dies 
Nor-^aliv manu^acturec "i too! stee' 
out supo '30 m sta;n ess s*ee 
Haste-ioy or ctne' spe^ ^ f 

requ^'ec AI! Betoi's t^c c 

profiie dies nave strea " \ 

paths aio are nttec to : . . , ^ce^ by 
quick ''e'.ease 'C ciamos for ease ot 
removal and cieamng Cc-ext''usior. 
dies for muit'-iaver tuOes c dual 
hardness profries are also available 

Water CooJiag Saths anc 
Calibration Units 
Standars model 119 cat^^s are 
avaitabse in t2m. 'one -"ocu.es mom 
2.4m upio 9 5m long ceoe-^cmc upon 
requirements. Al. are ac.v.s:ac.e .n. 
tiiree planes and the nam sections are 
in stainless stes' Caster 3nd -.acJcmg 
screws are fittes fa" manoeuvraoiim-/. 

One or mere neated sections can be 
prov.dec *or co^tros ec coo:ng of 
dsffscuit matenass A v'entun vacuum 
caiiorahon ^n;t z&Ti be *:tted 10 35! ■ 
csatns for ST.mg tjoes .: ■ ' i* 
prof -es anc a simD<€ c Jtion 

trav or sma!! dry vac * on 

:aDle and sump ca" ce 
"^qutrec for p-ofiies 

Air K.rfves fo'' drying tne oroduct a.'-e 
fitted as stanoa'-d to all batns. 

Haul-Off Unas 

A range of naut-offs incuamg nip ro!., 
capsta- ano caterDti.s" t\o€S are 
ava! apie Aii nau -offs are ewer by 
DC motors w=tr a'm.arj^e feeacack as 
stancarc. Tacho feedback o-- ojgnat 
speed contro' can be fittec for criiscit 
apoiiGat-ors w^ere accu'-ate motor 
speeo no.cing s recu'.red. 

integral controi paneis are ^ttec as 
standard anc speed ranges and belt 
widtns can be selected to suit mosi 
appiicaaons. 

Cutters 

A variety cf 3eto. Cuttrng svstem.s are 
useo wne''e tne e^r^cats s 'eo^ifsd 
to be cut to engm ■" .ne =C" most 
laboraton/ app';cat;o"s. w"ere sength 
leterance is no: cr:t(ca., a ooeumaac 
pjiiiot.re un:t car oe tlr.eo to tnt 
tsauro*^ tc enao'e vanabie senpth 
sa^pies to oe cut. VVnere more 
oemanci'^g toierances or highe' 
cutting rates a^'e needed a seoarate 
roary cutte' or traveiong saw can be 
suppl-ec *'om Setors extensive range 
cf proauction oownstream equipment 
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Laboratory 
Extrusion Systems 



Blown Film 

Film Dies and Asr Rtr.gs 
Two TVDQS of blown fur" cie ca"^ oe 
spec'f;ec depencing usor 
aop^cat:ons. The simpiest mocet 
whicn !S icea. for iafaorator-i/ jse s:rce 
ii is reacilv a:S3Ssemb:ea for deanrng 
IS L.nde^ec w'th the inte-na. d'e ps.i 
si^pportec Dv a so.aer arra^gener.t. 
AH :n:e''"3 su-feces are strea-^ii-ned 
and "ig^'v pcusnec to assist 'red 
f;ow anc for greate'' fIex.b^:^/ .n 
terr-ps-atjre contro the die docv and 
die lenc e^ea are separatejy 
contrDiiec "^his cie modei ^s availasie 
in aiannete.'S ranging from 15mm to 
lOOmm, 

The second mode! ^s rr-an^^Taetured 
•Aikn a SDirai mandre; nevng rwc or 
more starts ceoe^arnc jpon 
requirements, .n addstrcn to mono 
dies, co-exirusiop ases for jd to tnree 
lavers m trree different materials car 
DQ SLippsied. Spras mandrel dies car 
oe suoD^ieo w.tn a variable speec 
oscili'atmg mecranism caoaoJe o? 
'otatrsG the Gie tnrOkjgn 190 aegrees 
to ensure uniform aopearance of f im 
rolls, i^itn the oscillating rrechanTsm 
^e die is mountec or^ a supocrt 
trollev and ss available in d'amete's 
'■anging from 50 to 150mm 

Both models of die are ava:3b'e wsth 
a *uiiv adjustSDfe cuai f!ow aooratorv 
air cooling rmc with fan. 

Model 0250 film Tower 
Constructeo with two neavy support 
arms this tower is loeal for laboratory 
use oecause of :ts easy mobtlitv and 
fiexib 'itv -.n nip 'oi. frame height 
whicn ca"" oe adiustea :n any position 
between 1550mm ana 2590m.m oy 
rotating a nanowheei The nio roils, 
one r^arc orrorred and the other 
r^.obe'' cDve-'ec, are pneumaticafjy 
operated with adjustable ar pressure 
anc br.ven by a J5 KW DC tnyristor 
corttroilec motor with an infinitely 
venaoje speed betweer: 1 and 75 
metres minute. 
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Laoomtor/ BJmvr^ Film line 



As optiona extras a tachc %edbacK 
svstem ca-" oe fttec to f-e DC c';ve 
-^ctc :c e-s.-^e excectionai'v 
cors'Sta"! soeeds sra the mp ro.'s 
can oe A-ate' ccoied me ^uily 
acustace cc''3ds ng ooa'cs can oe 
s ar.eo o- otastic raoec or finec with 
'0 le'-s aece'^o;rg L-pc- ^eqwrements. 
Co"tm.s a-o :nsf>-mer,ta:.©'^ are 
"o^^tec ■- 5 oare attached to the 
S'cs c"" tne tcwe-- v^^'cn s designee 
to accommocate :ayflai widths up to 
420mm.. 

BetGs's ;aDO'ato'V' fi'm. towers are 
fir.ec wstn an ntegra A^ncer ar.d two 
types are ava.iaoie cepencmg upon 
recLirements 

T-^e s:m.Dfest onit s a 2-staiiQn centre 
core wineer w;th dancer tension 
contro! system. 

A.'temitiveiv 3 singse siaticn surface 
wnder win a 250'^m. oiameter 
'UODC covered ."O.J, snciineo racx anc 
tension coniroi c3n be supoiied 
Controls for botr' tvoes o" wmcers 
3'e mountec a.ongsice the film tower 
controls. 



Wire, Fibre Optics Sh&athrn^ 

Cross-head Dies 

Smail manual or catricge tvoe seff 
centering too: stee cross-neao dies 
are avaiiabie. Soeciai steeis saoh as 
Haste^ov can be soec-fiec f recuimd. 
3ie busr anc gu:de assemoles 
snauce tnose suJtaose for fine w:re, 
fibre 0Dt:c or otne' cores and cotions 
inciuae vacuum avh cown, water 
cooiinc or gei feed. 

Pay-off and Unwind Units 
A range of sm.a-! pav-off units from 
si mote rod brane t^'oes to low tension 
criveh jnwmd units wjtr reei cross 
traverse mecan.ism car. oe SDecified 
ceoenoing on aooiicaticn Where 
accurate feed rate of the conductor 
o-- optiC core is reaured, BetoJ's mini 
oay-off capstan wnicn uses a groov^ 
g^ioe DLN-ev anc -^eoorene cove-^ed 
OTve wheei zzr. oe rltteo just before 
the die. 



Water Coding Baths 
3eto. manufactures soeciaiSv 
oes:gnec ."Vioce: p'. staintess steel 
soray cooi.ng bstns. fitted witn a 
300mm long te;escooic *ront sectior 
rese'voir taoK ana re-cVcuiatj^g 
Dump :r e'ther 2.4 c 4 St' lengtns. 
~ne extruoste runs r a vee trougn 
w:th water being aopiiec ov sorev 
oioes -or song app,:cat:ons a 
ventur vacuum csioration unit can 
be fitted. 




Lsborsrory' Ecre Optic 
Shestni.ng -.'re 

Capstan Hauf-Offs 
Betol laboratory wire and ibre optic 
Sheathing lines normaiiv utilise the 
modei 912 capstan hau!-off when has 
a 600mm diameter aiumjnium, wneei 
driven bv a DC motor witn taoho 
feedback for accurate speed control. 
"i"he capstan has orovision for two 
complete wraps ct the sheathed core 
which are neld in oosdon bv a 
ntoprene pressure beit 



Winders 

Eitner a cant; eve- type winder for 
neavier reels or a traversing winder 
for lighter produce ine.'uamg fiore 
optics can be supoited oeoencing on 
recui^eme'^ts Tension control is 
normaiiv provided bv a separate 
oance'- arm system. 



Monofilament 

Laboratory units with eithe'- two or 
th.-ee sets of godet roiis can be 
supplied beoencing on apoiication. 

Each set of godet rolls 'S 

incepenoentlv driven oy DC motors 
and soeec ra"ges can be se'ectea to 
provioe aesirec craw cown rat;os. 

Radiant heating stations A-tn 
adjustable tnermostats *or 
len^oeraiures up to 20C cegrees 
ce"!. grace a'e f;tted Al ccfc's are 
r^ountec 'n a'l integra- contro. pane, 
and tne unit s mourned on castors. 




.Latommr/ Godet Unit 



Laboratory 
Extrusion Systems 



fVlfcrocompoter Control Systems 
Betors own, nigniy developea, !V170C seies 
microcomputer systems can be used for data 
acuisition or if required full extrusion line control All 
software is written in-house individuaify for each 
customer by BeroS us;ng the experience of our own 
test engineers m ensure that the system is as user 
friendly s$ possible and tailored to each customers 
needs. 

Each systefT! 's based upon one of four IVI70C series 
microcomputers. The simpiest system, BeioFs model 
fVI712, controls temperature of the extruder barrel and 
die zones and Drovides monitoring and data aqufsition 
facilities for up to eight process variables, for example 
screw speed, melt temperatyre, pressure and screw 
torque. 

More extensive control and monitoring facilities are 

avaiiaDie on more advanced models up to Betol's 
•fy!740 which can provide control of ali elements o* the 



extmsior line and monitor and aroduce histograms of 
a wide range of process variables inducing motor and 
iieater power consumption and differential meit 
pressures and, wtn the appropriete measuring 
devices, product dimensional inform.ation. 



A vast 3nge of ODtions Btmble Betol's mjerocomputers 
to communicate via data rinks with either ^C's or 
centrai systems. 

Typicai features of Betoi's M70C mscrccomputer 
include; 

• control of extruder temperatyrt 

• monitoring of conditions 

• myitipie borage of recipes ' 

• productjcn information and display 

• histograms of selected process variaotes 
« data links to existing computer systems 

• restricted access facilities 
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Laboratory Facilities 

Triais and demonstrations can be orovided at Betol's 
own laboratory and test department facility at the 
Luton factory, where a range of equipment can be 
made avaiiabie for evaluation of rnateriais, processes 
or O'jr ecuipment. 

Customers are also welcome to visit tc see Betoi's 
faciiiiies and to discuss particular projects 




Beioi%- Test DepartmsM 



The Betoi Product Guarantee — Your Insurance 
Every extrusion line manufactured by Betoi Is assembled and fully tested under 
■ production conditions in our Luton factory and is delivered only when the customer 
is satisfied that output quality and tolerances meet those specified at the time of 
order. ■ ■ . , . , - 



Because of continuing developments, Betoi reserves the right to change their technicas specifications 
without prior notice. 
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Appendix C 

Interview Questions 
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Typical questions asked of companies interviewed as part of Task 4. 

All companies requested anonymity. • • .' -. 

What price do you pay for caimb rubber? ' . 

Could you use reclaimed rubber? 

What sort of properties do you need for a. reclaimed rubber? 

What are your basic processing costs? 

What volumes of reclaimed mbber do you cunrentfy require? 

■ What are your future needs? •. 

Do you plan to use reclaimed rubber in the near future? 

What woyld you consider an appropriate size for a reclaiming facility? 

What sort of operating hours should the facility be operated? 

What do you know about reclaim/devulcanized materials? ^ 

Who sells reclaim in Ontario? 

Where do you see the best opportunities for a devuicanized material? 

What would you consider the mari^et size for reclaimed material in 
Ontario? 

■ Where is the cosVperformance balance for a reclaimed material? 

What price would you pay, per kg, for a reliable source of reclaimed 
scrap tire? 
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Appendix D 

First Progress Report 

(39 pages) 
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Appendix E 

Second Progress Report 

(94 pages) 



